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silvery-white petals, over which, except on the margin, 
there is a delicate tinge of pale rose-pink. The lip is 
rich yellow at the base, with clear white vaining, the 
side lobes being rosy-purple. with blush-white veins, 
and the front bearing a rich dark purple blotch. 

THE PROGRE S S  OF A S'l'RONOMY IN 1896. 

UNQUESTIONABLY the astronomical event of the year 
that has just passed which attracted the greatest 
amount of popular interest and attention was the total 
eclipse of the sun, which occurred on August 9, for the 
observation of which expeditions were equipped and 
elaborate preparations made by nearlv every civilized 
nation on the globe. It is a thrice told tale by this 
time how all the heavy cost and trouble involved would 
have been thrown away, but for the good fortune of a 
handful of observers, who. separOlting themselves from 
the crowd, repaired to stations which were not in the 
official programmes at all. Among- the expeditions 
which failed utterly were the English and American 
ones to Jaoan, a large and important one organized by 
the British Astronomical Association to Vads5, and a 
second one dispatched, at the public expense, to a point 
also close to the Varanger Fjord. On the other hand, 
the passengers on board of the Ohio, an American 
steamer (among whom was Miss Mary Proctor, the 
daughter of the eminent deceased ac,tronomer), who 
were stationed near Bodo, M. Lous, in the same neigh
borhood, and Baron Kaulbars, of the Russian expedi
tion, who observed in Russian Finland, obtained splen
did views of the phenomenon, and of the curious exten
sions of the corona. It is, however, to the munificence 
and public spirit of Sir George S. Baden-Powell, M. P., 
that the scientific world is indebted for by far the most 
valua bleo bserva tions of the eclipse that were made at all 
for he conveyed a party, 'including Mr. E. J. Stone, the 
Radcliffe observer, and Mr. Shackleton, an assistant at 
South Kensington, to Novaia Zemlia in his yacht, the 

Otaria, whose results equal or surpass in interest those of 
all the other expeditions which have so far come to hand. 
By the aid 0f a simple but efficient diagram, the mem
bers of the party and crew were enabled to draw separ
ately what they could see of various extensions of the 
corona, with the result that a very satisfactorily coinci
dent series of sketches was obtained, and the corona. 
as a whole, was found to conform to the shape supposed 
to be typical of a period of intermediate solar activity. 
Mr. Stone, moreover, succeeded in photographing a 
great deal of solar detail, while to Mr. Shackleton 
belongs the . honor and credit of having been the first 
man to photograph the so-called" reversing layer" of 
bright lines in contact with the sun's limb, which was 
originally seen by Young during the eclipse of Decem
ber, 1870. The importance of this achievement will be 
more evident when a direct comparison of the lines 
impressed upon the plate with the Fraunhofer ones 
shall have been completed. 

In connection with solar observation, we may further 
mention that M. Sykora, of the Charkoff Observatory, 
has been making an elaborate series of measures of the 
sun's diameter, and finds tha t such diameter is increased 
when measured at points of his limb where spots are 
just appearing or disappearing. Should this be estab· 
lished, it points unmistakably to the spots1 being ele
vations above the surface of the sun, and not (as the 
Wilsonian hypothesis requires) depressions below it. 
I ndependent research, on totally different lines, has led 
Prof. E. B. Frost, of the Dartmouth Observatory, to a 
similar conclusion. 

A bout the end of May or the beginning of June sunspot 
activity very notably diminished, and the exponents of 
"solar physics" predicted that the time of minimum 
had either arrived or was imminent; but during the 
second week in September a large and magnificent 
stream of spots extending over some 240 of solar longitude 
became visible, and since then there has rarely been a 
day on which the sun has been quite free from spots. 

A fresh determination of the solar constant, or the 
number of "calories" received normally in one minute 
on a surface one centimeter square at the upper limit 
of the atmosphere, has been made by M. Vallot. As 
the result of a number of observations, he arrives at 
the conclusion that this solar constant can scarcely 
amount to two calories, finding 1'75 calories to be its 
mean value. It may not be wholly useless to put the 
quantities given above into plain English, and to say 
that a calorie is the quantity of heat required to raise 
15'432 gr. of water from 32° F. to 33'8°, and that one 
centimeter2 = 0'155 sq. in. 

Yet another value of the solar parallax has been de
duced by Prof. Newcomb from the amount of the 
parallactic inequality of Delaunay's lunar theory. It 
comes out 8'773", and corresponds to a mean distance 
of 93,182,320 miles Qetween the centers of the earth and 
sun. It has met with no acceptance and is merely of 
theoretical interest. 

The question of the period of the earth's rotation is 
still sub judice. It is a familiar fact that inequalities 
of long period exist in the moon's orbit, which are un
accounted for by the present theory. Among. other 
attempted explanations of this may be mentioned one 
that the adopted length of the mean solar day is in
correct, involving the supposition that the time of the 
earth's rotation is not uniform. To test this, Prof. 
Newcomb has been employing the transits of Mercury 
up to that of 1894 as a standard of comparison, with 
new tables of Mercury of his own construction. The 
result of this comparison seems to favor the hypothesis 
that the earth's time of rotation slackened between 1796 
and 1789, as it did again between 1840 and 1861; but that 
between 1862 and 1870 a strongly marked acceleration 
occurred. At present, however, nothing approaching 
to proof exists that any change whatever has taken 
place in the period in which the earth turns on her own 
axis, and all such results must be regarded as mere 
mathematical tours de force. As we write, news comes 
from Berlin that, as the result of twelve years' con
secutive investigations, Prof. Richarz and Dr. Menzel 
have found the density of the earth to be such that 
she must weigh 54,681,000,000,000,000,000,000 tons. 

Herren Brenner and Weinek have continued to add 
to our selenographical knowledge; the former by the 
aid of the excellent Manora telescope and his own ex
ceedingly acute vision for faint markings and minute 
detail, and the latter by his very beautiful enlarge
ments from the Lick lunar photographs. The fame of 
the photographs which MM. Loewy and Puiseux con
tinue to produ(;e is, of COUl"se, world wide. 

If we open any work on descriptive astronomy pub- seen in Ep,gland on the night of September 10. The 
lished more than six or seven years ago, we shall find first appeared at 9 h. 3 m. P. M. It was seen by several 
the rotation period of Venus stated to be 23 hours, 21 observ�rs l\t Bristol, Exmouth, YeoviI, etc. It appar
minutes, 22 seconds, or thereabout. But some time in ently tJ:aveled from a radiant near Capella. The second 
1890 the famous Italian observer Schiaparelli aston- was se� right across England from London to Bristol. 
ished the astronomical world by proclaiming, as the re- It is supposed really to hM'e traveled over Hereford
suIt of certain observations made in 1877-78, that so shire. Its seeming radiant was close to (3 Cephei. We 
far from the planet rotating in a slig-htly shorter time hear, too, of the fall of an enormous meteor on N ovem
than the earth, her periods of rotatIOn and revolution ber 17, in lat. 48° 10' N. and long. 2 h. 56 m. W., some 
were coincident, and that she really took some 225 days twq miles in front of the steamer Wilkommen. The 
to turn on her axis. M. Perrotin, of the Nice Observa- trail of light it left, after plunging into the Atlantic, 
tory, set himself specifically to corroborate this re- lasted I\everal minutes. Great popular disappointment 
markable period; and, like a good many other people was felt in November bv the numerous band who were 
who start with strongly preconceived ideas, succeeded prevented from ob�erving the familiar shower of Leon
in finding what he set out to establish. But M. ids on the night of the 13-14th, as an exceptionally fine 
Niesten, of the Royal Observatory at Brussels, in con- shower had been predicted. Nothing abnormal, how
junction with M. Stuyvaert, carried out an elaborate ever, aRpears to have been observed, even where the 
series of observations of Venus between the years 1881 sky was clear. 
and 1890, and was enabled to detect spots on her surface Six comets have appeared in 1896. The first was 
of sufficiently definite a character to permit of a fair map found Oy Perrine at Mount Hamilton, on February 15. 
of her surface being made; showing, as the result, that Its discovery was verified by Dr. Lamp at Kiel, on re
Schiaparelli had fallen into the mistake of considering ceipt Qf a telegr.am from Mr. Perrine, and the comet 

that the slight displacement of a given marking on has since been known (for no very obvious reason) as 
successive evenings had its origin in the exceedingly the "Perrine-Lall1p" one. The most conspicuous 
slow rotation of Venus, and quite ignoring the fact comet of the year was that detected by Dr. Lewis Swift 
that the planet had during the interval made one on April 15-this had a short tail. Its orbit was un
whole rotation and a very little more. The Belgian doubtedly parabolic. On September 4 two comets were 
resul ts, we need hardly add, were su bseq uently in discov�ed : one by Giaco bini at :N ice and the other by 
every way corroborated by that splendid astronomical Brook§' at Geneva, in the United States. It was subse
draughts man, the late lamented M. Trouvelot, at Meu- quently found that this latter object had been found 
don; and again quite recently by the elaborate and by Mr. E. W. Sperra, of Randolph, Ohio four days 
extensive observations of our own esteemed corre- previously. A strange story from Dr. Lewis Swift 
spondent, Herr Leo Brenner. With the researches of reached this country a short time afterward. It was 
the last-named astronomer the question may well be to the 'effect that he had, on September 20, seen a 
held to have been set at rest; but, quite recently, Mr. 'bright comet only about 1° from the setting sun, with 
Percival Lowell, observing in Arizona, claims to have a fainter companion some 300 north. These objects set 
established that Schiaparelli was right, after all. At four minutes after their detection, but not until fifteen 
present there is a consensus of opinion that Mr. Lowell people bad verified their existence. One of them was 
has simply fallen into Schiaparelli's mistake over again picked up III a comet seeker for a few seconds on the 
-that is all. succeeding evening, after which they were no more 

Wonders have continued to accumulate on the face seen. Perrine, at the Lick Observatory, found another 
of Mars during the year which has just passed, and small Qpmet on November 2, and yet a third on Decelll
here again Mr. Lowell is well to the front. " Canals" ber 8 ;  this last one being sufficiently bright to exhibit 
increase and multiply to an alarming extent on our a nucl�us like an 8th magnitude star, and a tail nearly 
neighbor in space, and the duplicity of these •• canals" 30' long. 
is now supposed to have its origin, not in the water- The astrographic chart proceeds apace, and the ma
ways themselves, but in the belts of vegetation which, jority of the observatories have practically now com
like the poplars on a French highroad, fringe their pleted their respective series of catalogue plates, the 
margins. Meanwhile, we believe that the Lick ob- operaijpns only of three South American ones having 
servers -or one of them-hold that the lighter parts of bf1en iInpeded by chronic revolutions, and those of a 
the planet's disk are water and the dark ones land, Sicilian one by impecuniosity. In connection with 
which rather puts this agricultural, or horticultural, celestil:\J photography, we may mention that Dr. Isaac 
theory out of court. At any rate, with what has been Robert!; continues to pursue his plan of photographing 
actually seen or glimpsed, and what has been imagined, rt!lbulre and cogn,;tte remarkable objects in the stellar 
the disk of Mars appears to be now covered with a net- val/It, &nd that the first part of an atlas of the moon 
work of such intricacy that no two observers can map frO{n tbe unsurp�ssed negatives of MM. Loewy and 
it alike. A ridiculous paper on the possibility of com- Pmseux has been published. This, when completed. 
munication with Mars appeared in the Fortnightly will uIWuestionably surpass every previously attempted 
Review for November. Happily, it was not written by delineation of the lunar surface in accuracy and 
an astronomer. beauty. 

Since the application of photography to stellar No apparition of a new star (save a minute one in 
charting, the discovery of planetoids between Mars and Certtaurus on a photographic plate), nor any allied 
Jupiter has gone on apace, 440 (more or less) of these sensat�nal phenomenon, has occurred in the stellar 
bodies having been recognized as such up to the date vault during the year which has just ended; but the 
'at which we write. Of these, M. Charlois is to be cred- usu�l atteJ}.tion has been paid to all the well-known 
ited with the discovery of no .JesS' than eighty-eight, varIables by those of the observers of these anomalous 
live of them during the year 1896, during which nine- bodies whose names are familiar to the public. The 
teen additions altogether have been made to the greatest of all Ih:ing double star observers, Mr. S. W. 
already overgrown list. With telescopes of the enorm- Burnh;tm, has published a sorely needed caution 
ous aperture now constructed, and with sufficiently against the computation of the orbits. of real or sup
prolonged exposure, there seems no particular reason posed binary stars, showing that even motion in a 
why this number should not ultimately swell to four straight line (I) will, in a large number of cases, per
thousand four hundred; for on the nigl,t of September fectly satisfy observed position angles and distances. 
7 Wolf photographed five of these bodies, previously Among miscellaneous occurrences connected with 
undetected, all on one plate I astro�my may be mentioned the opening of the new 

Prof. Schur, from a series of measurements o f  ScottiSh Royal O,bservature on April 7;. the founding 
Jupiter's diameter made during the years 1891-96 with by the ggvernmen.t of West Australia of a new one at 
the G5ttingen heliometer, deduces the value of the Perth, W. A.; and the establishment of four more in 
equatorial diameter as 37'42", and 35'13" as that of the the Unjted States by the Illinois legislature, and by 
polar diameter. This is, in each rase, about 1" less the Universjties of Ohio

k
Minnesota and Pennsylvania 

than the corresponding results obtained by means of respectively. The Yer es Observatory is slowly ap
the filar micrometer. proaching completion. A new time system, based on 

If published observations are to be depended upon, the Greenwich meridian, has been adopted throughout 
M. Antoniadi at Juvisy has made a curious discovery South 1\.frica. The time employed in Cape Colony is 
in connection with the physical structure of the Satur- now 1 hour 30 millutes fast of Greenwich, and that at 
nian system, which would seem to indicate that Natal two hours fast. The splendid work at Harvard 
changes go on in the visible appearance of the rings Observatory continues without cessation or intermis
almost as striking as those exhibited by Jupiter's sion, a\l.d the magnitUde of every star of the sixth 
belts; for he believes that he detected three separate magnitUde or brighter in the entire celestial vault has 
divisions in the inner bright ring (thus dividing it into now been rigidly iietermined there. Pari passu, stellar 
four). It may be remembered that subdivisions of spectroscopy has bllen pursued with the most valuable 
ring B had previously been suspected by Sir William results. During 1896 that princely donor to astronomi
Herschel, De Vico, Bond, Coolidge, and Asaph Hall. cal res�arch, Miss Catherine W. Bruce, has continued 
Prof. Keeler's spectrographic determination of the rota- her invaluable aid to science by giftR to the University 
tion of Saturn's rings as an aggregation of small par- of Chicago and both to the Lick and Manora Observa
ticles or satellites (of which we spoke last year, on p. tories I),s we.!!. By a unanimous resolution of convoca-
435 of vol. lxii) has been corroborated during the past tion of the University of London, its senate was ap
twelvemonth by Prof. Belspolsky, with the 30 in. achro- !)ealed to in November last to take steps for the estab
matic of the Pulkova Observatory. lishment of a students' observatory in the neighbor-

During the year just gone by, Prof. E. E. Barnard hood of London. The result of this appeal has not yet 
has publishe:l the results of his micrometrical measure- been made public, but its object is obviously a most 
ments of Uranus and its satellites in 1894-95. Struck desira"Qle one. Owing, unfortunately, to ill health, M. 
during these observations with tlJe ellipticity of the Folie has perforce resigned the dIrectorship of the 
planet, he carefully determined the position of the Brussels Observatory, after holding it for eleven years. 
major axis of the ellipse, and-assuming this to lie in The British Astronomical Association continues its 
the plane of the equator of Uranus -finds that such really marvelous progress seemingly without cessation 
plane is inclined some 20° or 300 to that of the orbits of or intermission. At its meeting in November no less 
the satellites. Some photometric determinations' than sixty-seven .new candidates were elected to the 
showed that Ariel was the brightest of them, Umbriel membership, and the total number of its members can, 
being half a magnitude less; Titania and Oberon coin- by this time, be very little, if at all, short of 1,150. 
ciding in brightness. This last result, however, is sub- Nor is its younge,r sister, the Astronomical Society of 
ject to the qualification that where two satellites of Wales, behindhand in the race; for, although it may 
equal brightness are situated one vertically over the fairly b,e regarded as a local association, its numbers 
other, Prof. Barnard always sees the top one the fainter now amount to something like 200, so mightily has 
of the two. popular interest in astronomy grown and prevailed. 

September 23, 1896, was the jubilee of the actual dis- Among the novel forms of instruments that have ap
covery of Neptune by Dr. Galle in Berlin. Mirabile peared in the past year, the first place must be given to 
dictu, no fussy idiot even suggested the celebration of the one devised by M. Zenger, of Pras-ue, which he 
this marvelous triumph of pure science by a dinner, calls the eclipsoscape. In effect it conSIsts of a crown 
monument, or public subscription. glass, or quartz, cone inclosed in a zinc cylinder, whose, 

No very notable advance has taken place in our ends are closed by plane glass plates, the empty part of 
knowledge of meteoric astronomy during the past the cylinder being filled with a mixture of anethol 
twelve months, though the chronic discussion on the and terebenthine. Over the window at the apex of 
meaning of stationary radiants, etc., continues. A huge the cone is placed a tin disk in which a circular annulu� 
meteorite exploded over Madrid at 9 h. 29 Ill. A. M. on 0'1 in., or less, wide, is cut. This is arrang-ed so that 
February 10, emitting a blinding light (although the the center of the disk lies in the optical axis of the cone. 
sun was shining brilliantly), breaking windows, and Optically, this constitutes an infinite number of direct 
even shattering partitions by the concussion, coinci- vision spectroscopes, and i� used with a telescope fur
dent with a loud report. Two brilIi�nt llleteOfl:J Were nished with � Barlow lens. The image of the sun is 
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thrown on to the tin window so that its diametpr just 
overlaps the inner diameter of the annulus, and then 
by the interposition of a mixture of aniline violet with 
a little aniline green all the rays, except the red hydro
gen ray, are absorbed, and the prominences are seen in 
red light with the chromosphere, and the whole of 
them round the sun at any given time are thus seen at 
once. Dr. Russell, of the Sydney Observatory, has de
vised a new form of photographic transit circle, differ
ing entirely from the star trail one. It is equatorially 
illouuted and driven by electrically controlled clock
Wor k. No description of it would be very intelligible 
without a diagram. What lS really observed is the 
passage of divisions of an hour circle 8 ft. in diameter. 

The noteworthy additions to astronomical literatUre 
in 1896 have been but few. Among them we may men
tion Mr. Percival Lowell's work on Mars, suggestive as 
it is in parts of one of JUles Verne's stories. Dr. Orch
ard has brought out a large and handsome book on 
"The Astronomy of Milton's • Paradise Lost,'" from 
which really a good deal of astronomical information 
may be gleaned. Probably the most important work 
that has appeared is that on "The Indian Calendar," 
by Mr. Robert Sewell and Pandit Sankara Balkrishna 
Dikshit, with tables of eclipses visible in India by Dr. 
R. Schram. 'l'his contains tables for converting any 
Indian date between A, D. 300 and 1900 into its equiva
lent one A. D. and vice versa. while the eclipse tables 
will prove invaluable to all wishing to compute the de
tails of Indian eclipses and the localities whence they 
may be, or have been, observable. We may mention 
that It new and revised edition of Ball's excellent" Ele
ments of Astronomy" has been published during the 
yeaI'. Several smaller works of utility to the astro· 
nomical amateur have appeared, such as the fifth edi
tion of Calver's "Hints on Silvered Glass Reflecting 
Telescopes;" Lynn's two handy brochures on "Re
markable Comets" and "Remarkable Eclipses;" and 
Chambers' " Story of the Stars" and •• Story of the So
lar System." The Nautical Almanac for 1899 is worthy 
of its superintendent, Dr. Downing. We know of no 
higher praise that we could bestow upon it. Mr. Whit
nell has quite recently reprinted an excellent essay on 
• The Moon as a View-Point " from the Transactions of 

the Cardiff Naturalists' Society. 
Death has been terribly busy in the ranks of astrono

mers during the year which has just come to a close. 
The first to be taken was Mr. G. P. Bidder, Q. C., who 
died on February 1, from the effect of an accident. He 
inherited a remarkable power of mental calculation and 
was, at one time. a constant attendant at the meetings 
of the RO)'ai Astronomical Society. He was followed, 
on February 16, by General Walker, who will be re
membered as the successor of Sir Andrew Waugh as 
director of the great Indian trigonometrical survey. On 
April 21 there passed away a man to whom astronorni
cal science was largely indebted in the person of Dr. N, 
A. Krueger, director of the Kiel Observatory, as he had 
previously been of those at Helsingfors and Gotha. He 
wag one of the original workers with Argelander at the 
well known" Durchmusterung," and was the author of 
numerous papers on gravitational astronomy. Proba
bly, however, he is best known to the general scientific 
world as editor of the Astronomische N achrichten, and 
as the· originator of the systeni of telegraphic exchanges 
between the various observatories in the world. By 
the death of Mr. George Hunt on July 9, a familiar face 
disappeared from the R.A.S. and R.M. S. meetings. Mr. 
Hunt was the possessor of the famous equatorial be
longing to the late Rev. W. R. Dawes, which is now 
the property of Mr. W. H. Maw. Not long afterward 
the news of the death of Prof. H. A. Newton, of Yale 
University, reached this country. He will be remem
bered as the author of many elaborate papers on the 
orbits of meteors and cognate subjects. In September, 
too, died Hippolyte Fizeau, the famous French physi
cist, whose name will always be associated with the 
measurement of the velocity of light. And on Septem
ber 21, after a short illness, Prof. Winlock, assistant at 
the Smithsonian Institution, passed away. He was, so 
to speak, an hereditary astronomer, and quitted the 
United States Naval Observatory to take the office 
which he held at the time of his premature and lament
ed death. By the untimely death of M. Tisserand, the 
director of the Paris Observatory, on October 20, the 
world lost a brilliant mathematician and able gravita
tional astronomer, and one, moreover, intimately ac
quainted with the science in its practical aspect. His 
.. Traite de la Mecanique Celeste" must always remain 
a classic. The Paris Observatory sustained all its an
cient renown during the four short years of his admin
istration. Prof. J. A. H Gylden, the eminent direc
tor of the Stockholm Observatory, died suddenly of 
paralysis of the heart at the Observatory on November 
9 He was renowned for his lectures, which were at
tended by students from all parts of Europe. His re
searches in the subjects of stellar parallax and the pro
per motion of stars are familiar to all astronomers, aud 
his essays on gravitational astronomy both original and 
valuable. We have next to chronicle the death, on 
November 27, from an accident, of Dr. B. A. Gould, 
known far and wide as the editor of the Astronomical 
Journal, and as the author of that splendid work the 

"Uranometria Argentina," for which the gold medal of 
the Royal Astronomical Society was awardpd to him in 
1883. He is a great and irreparable loss to the science, . 
and will with difficulty be replaced. Lastly, we learn 
of the death of another medalist of the Royal Astrono
mical Society, Prof. Axel Moller, of Lund, to whom 
that. medal was awarded in 1881, for his investigations 
on the motion of Faye's comet. His chief distinction 
was won in the field of gravitational astronomy.-Eng
lish Mechanic and World of Science. 

CHEAP A STRONOMICAL SLIDE S. 
PROCURE some sheets of thin black cardboard, the 

size of a lantern slide (3� inches by 3� inches), r.lace 
one of them beneath a diagram, of which many Will be 
found in such works as •• Popalar Astronomy," and 
Illark the positions of the various stars and planets 
with a needle point. Then remove the card and pierce 
the holes with various sized needles or punches, and 
monnt it in contact with a glass plate to give it the 
necessary rigidity. Different planets can be distin
guished by different colors by the simple expedient of 
covering the apertures with different colored gelatine, 
such as is used to cover Christmas crackers. Such slides 
are ver! effective) and are far more QrUliiln.t than 1W1 

that can be made on glass. The orbits of the planets 
can be marked by fine needle holes placed close 
tOgether.-Amateur Photographer. 

ALLOY S OF IRON AND NICKEL, * 

By Prof. M. RUDELOFF. 

A SPECIAL committee having- been appointed to study 
the properties of iron alloys, Prof. M. Rudeloff, Assist
ant Director of the Royal Prussian Testing Depart
ment, reported recently to the Verein zur Befoerderung 
des Gewerbfleisses on alloys of iron and nickel. Thirteen 
different mixtures were produced, three ingots from 
each mixture. The ingots weighed 20 kg. each and 
measured 15 inches in length, 2Yz inches thick and 4 
inches wide. Their chemical composition is given in 
Table I. 

Chemical Composition of the Iron Used. 

Iron. 
Per oent 99'710 

Car· 
bon. Mang. 
0'070 0'079 

Sili
con. 

0'013 

PhoB. 
0'007 

SuI. 
0'013 

Nickel 
Cop- and 
per. Cobalt, 
0'068 0'039 

Chemical Composition of the Nickel Used. 

Co
Nickel Iron, bait. 

C'op. Silicic Car
per. ACid. bon. 

Sul
phur. 

Alkalies. 
Lime and 
Alumina, 

Per cent .. 98'21 0'25 1'19 0'07 0'24 Trace. Trace. Trace. 

Percentage of Nickel Aimed at in Each Group of Three 
Ingots -Ingots No. 1-3 were Pure Iron; No. 37-39 
Pure Nickel. 

Per c!�EO�ln�Ckel..J.o1l 6'5� 
Ingot No. 22-24 25-29 

Per cent. of nickel., 8 10 

7-9 
1 

28-30 
30 

10-12 
2 

31-33 
60 

13-15 16-18 
3 4 

34·36 
95 

19-21 
5 

37-39 
100 

The method of melting the material was uniform in 
all cases. The fuel used ·was coke and the melting was 
done in graphite crucibles. Before pouring a small 
amount of aluminum, or magnesium, or ferromanga
nese was added to make the metal more fluid. At first 
the inside of the mould was washed with chalk. This 
proving objectionable, causing checks and rough sur
face of the ingots, a clay wash was substituted with 
better results. 

The pure iron, and mixtures rich in iron, required 
the addition of 20 grammes of aluminum to 20 kilo
grammes of metal to produce the required fluidity for 
casting. On the other hand, 10 grammes of magnesium 
prevented spongy ingots with the nickel, or mixtures 
rich in nickel. For the pnrpose of chemical analysis 
the ingots were sawed in two and the surface planed. 
The chips thus obtained were then used for chemical 
analyses. The strength of the alloys produced was 
ascertained by tensile and shearing tests, by slow com
pression and crushing under the drop. Three test 
pieces from each ingot for each kind of test were pre
pared. The degree of expansion by heat was deter
mined on four ingots, one of pure iron and pure nickel 
each, and one with 4 and 16 per cent. nickel respect
ively. By the tensile test the elastic limit, yield point, 
breaking strength and elongation were determined. 
Average results of tests are given in Table II. In 
Table III the proportional strength of alloy to pure 
iron is given, the iron being takenas 100. In the com
pression tests the yield point was determined and the 
percentage of reduction from the original height, under 
a load of 160,000 pounds per square inch. Results are 
found in Table IV. 

In the drop tests, 20 blows were given with a drop 
weighing 125 pounds, falling 9 \4, 18,Vz, 37 inches respect
ively. Results are �iven in Table V. Shearing tests 
were made by insertmg the test pieces in suitable holes 
of hardened steel washers, two of which were recessed 
in suitable blocks, one in each block, while a third 
washer sliding between the other two served as a shear 
by being forced down by means of a shear plate en
circling the washer partly, and upon which pressure 
was exerted. Results are given in Table VI. 

SUMMARY OF RESULTS OF Tl!;STS. 

Expansion by Heat.-The coefficient of expansion by 
heat was found to decrease with the increase of per
centage of nickel, but was greater with the 98 per 
cent. nickel than with the pure iron. . Taking the 
value of pure iron as 100, the difference in expansion 
was: 

Per cent. 
Iron and 4 per cent. nickel- .......... ... 5'7 
Iron and 16 per cent. nickel- . ... ........ 10'9 
Iron and 98 per cent. nickel + .. ....... ' .... 9'1 
Or 94'3, 89'1 and 109'1 respectively. 

Chemical Analyses.-A detailed examination of the 
analyses warrants the conclusion that the addition of 
nickel to iron does not appreciably influence the chemi
cal contents of the iron III foreign elements. On the 
other hand, all foreign elements in the nickel are also 
found in the iron nickel alloy. 

Table I.-Results of Chemical Analyses of Ingots. 
Average of Three Ingots. 

Percentage of NICkel Per cent. of Per cent. of 
Aimed at. Iron. Nickel 

0'00 99'59 0'05 
0'50 98'99 0'76 
1'00 98'75 1'01 
2'00 97'72 2'05 
3'00 96'63 3'00 
4'00 95'81 3'98 
5'00 94'81 4'92 
8'00 91'89 7'84 

16'00 84'12 15'59 
30'00 69'74 29'77 
60'00 39'69 59'60 
95'00 5'15 93'68 

100'00 0'33 98'89 

Tensile Tests.-The elastic limit, yield point and 
breaking load rise until the perp,entage of nickel 
reaches about 10 per cent. Thence a decrease takes 
place of these values until the nickel reaches 30 per 
cent. With a further increase of nickel, the elastic 

limit and yield point decrease still more, while the 
breaking load is higher with 60 per cent. nickel than 
with 30 per cent./ whence it decreases again. 

The elongation decreases as the percentage of nickel 
increases and is almost zero at 16 per cent. nickel. 
From thereon elongation increases until with 60 per 
cent. nickel its maximum is reached, declining then 
wi th increase of nickel. 

It will be seen that the elastic limit and yield point 
of pure nickel is only about 60 per cent, of the pure 
iron, the breaking load of the two metals are nearly 
the same, while the elongation of pure nickel is about 
602er cent. of that of the pure iron. 

The elastic limit is raised highest by the addition of 
nickel. next the yield point, and then the breaking 
strength. The structure of the metal is likewise 
changed with changes in the percentage of nickel. In 
the pure iron the structure is amorphous. With 0'5 
per cent. nickel the tensile fracture begins to get granu
lar. With 5 and 8 per cent. nickel the structure is pro
nounced crystalline, the crystals assuming the shape of 
needles with 16 and 30 pel' cent. nickel, this structure 
continuing to the end of the series. With 0'5 per cent. 
nickel the ingots have a tendency to be honeycombed. 
They become sound with 1 per cent. nickel, continuing 
to be so up to 30 per cent. nickel, when the ingots ex
hibit oxidation in their interior. 

Table I1.-Average Results of Tensile Tests. 

P t f El ti L· 't I Y' ld P . t 

I 
Breaking Elongation, er �en . 0 as C lIDl, Ie DIn. ' Strength, Per cent. in 2 Nickel. lb. per sq, m, lb. per sq, m, lb. per sq. in. Inches. 

-·------ 1-------- 1.------- -------- 1 ------
0'05 8,535 
0'76 8,819 
1'00 10,242 
2'05 14,500 
3'00 22,900 
3' 64 23,630 
4'93 27,881 
7'84 32,433 

15 ' 60 22,760 
29'78 8,962 
59'66 8,535 
93'55 5,832 
98'56 5,121 

20.768 
22;617 
23,613 
28,734 
34.144 
28,265 
46,230 
62,874 

17,781 
17,780 
15,363 
12,944 

46,100 
45,652 
47,938 
52,632 
57,753 
57,750 
63,443 
79,944 
58,322 
14,225 
53,770 
47,221 
43,386 

29'7 
20'6 
26'4 
22'7 
20'1 
17'6 
10'8 

9'6 
0'6 
2'2 

36 1 
19'0 
17'1 

Table IlL-Proportional Strength of Alloy to Pure 
Iron, Taking Iron as 100. 

Per cent. of E lastic Yield Breaking Elongation in 
Nickel. Limit. Point. Load. 1 Inch. 

0'0 100 100 100 100 
8 380 303 173 30 

16 267 280 126 2 
30 105 86 31 8 
60 100 86 117 103 
98 60 62 94 50 

Oompression Tests.-'l'he resistance of the alloys to 
compression does not seem to differ in different parts of 
the ingot. The resistance increases steadily until 16 
per cent. nickel is reached, whence it begins to decrease 
until at 94 per cent. nickel the resistance is only 50 per 
cent. of the pure iron. There is a small increase again 
with 98 per cent. nickel. Thus, generally speaking, the 
behavior of the alloys under compression IS similar to 
their behavior under tension. 

Table IV.-Average Results of Compression Tests. 

Per cent. of Nickel. 

0'05 
0'56 
1'01 
2'06 
3'01 
3'98 
4'92 
7 84 

15'60 
29'78 
59'60 
93'52 
98'89 

Yield Point, 
ib. per sq. in. 

25,900 
22,500 
28,300 
37,200 
40,700 
40,100 
54,900 
72,500 

163,000 
30,300 
22,900 
13,900 
18,000 

Per cent. of Reduction 
of Test Piece Under a 
Head ,of 160,000 lb. 
per sq. in. 

47'8 
47'4 
45'5 
42'1 
38'8 
37'5 
34'1 
29'2 

0'7 
37'0 
33'1 
34'6 
36'9 

Drop Tests.-The results of drop tests are more or 
less a repetition of the metal as exhibited in the com
pression tests. The strength increases up to 16 per cent. 
nickel, reachps the value of pure iron with 30 per cent. 
nickel, remaining in that condition to the highest per
centage of nickel in the alloy. 

Table V.-Average Results of Drop Tests. 

Per cent. Reduction of Test Piece. 

Per cent. of 
Nickel. 

----------
0'15 
0'56 
1'01 
2'05 
3'00 
3'98 
4'92 
7'84 

15'59 
29 77 
59'60 
93'68 
98'39 

Distance OfWeightlDistance of Weight Distauce of Weight 
Falling, Falling, Falling, 

9� Inches, 18J.2 Inches, 37 Inches. 

64'7 76'0 84'4 
(63'3) (76'7) . .. . 
63'6 76'2 83'3 
60'7 75 8 81'7 
57'6 73'5 82'0 
58'0 72'9 80'4 
54'9 71'8 81'1 
51'6 68'7 78'7 

(25'3) (46'7) 70'0 
60'0 72'7 80'4 
56'2 71'1 78'7 

(58'0) (71' 9) 78'7 
60 0 '12'7 80'4 

------�-----....!....------'------.--
Figures ill parentheses represent averages of leBS thau three tests, 

* From the Verhandlungen des Vereins zur Befoerderung des Gewerl>- Shearing Tests.-The phenomena exhibited by the 
lleiSBeB.-T4e lron Age. metal under shearing tests are very much like those 0 Q-
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